Reagents
All of the reagents used were of AnalR grade, and doubledistilled deionised water was used throughout the experiment. Standard Sb(III) solution (1000 µg/ml). Prepared by dissolving 0.2668 gm potassium antimonyl tartarate in 100 ml of water. A working standard solution was prepared by suitable dilution of a standard solution as and when required. Potassium iodate. 1% aqueous solution was prepared and kept in an amber bottle. Hydrochloric acid. 0.5 M aqueous solution. Sodium hydroxide. 2.0 M aqueous solution.
LCV (E Merck).
Prepared by adding 250 mg of LCV, 200 ml of water and 3 ml of 85% phosphoric acid to a 1-liter volumetric flask and shaken gently until the dye dissolved. The contents of the flask were then diluted up to the mark. The solution was light yellow when prepared and was stable for several months when kept in an amber bottle away from direct sunlight.
Procedure
An aliquot of a solution containing 0.4 -3.6 µg of antimony(III) was transferred in to a series of 25 ml graduated tubes. Then, 2 ml of 1% potassium iodate solution was added, followed by the addition 1 ml of 0.5 M hydrochloric acid solution. The reaction mixture was gently shaken with the addition of 1 ml of LCV solution and 3 -4 drops of 2 M sodium hydroxide solution. The mixture was kept in a thermostat maintained at 45˚C for 3 -4 min. The contents were diluted up to the mark with water and kept for 20 min at room temperature for complete color development; the absorbance was measured at 590 nm against a reagent blank, prepared in the same manner, omitting antimony(III).
Results and Discussion
The absorption spectra of crystal violet dye showed a maximum absorbance at 590 nm in aqueous solution. The reagent blank had negligible absorbance at this wavelength.
Effects of the reagent concentration
Under the proposed reaction condition, 2 ml of 1% potassium iodate, 1 ml of 0.5 M hydrochloric acid, 1 ml of LCV and 3 -4 drops 2 M sodium hydroxide solutions were necessary for complete color development. Reagents were added in the described order to obtain constant and maximum absorptivity.
Effect of pH
Under the optimum condition the final absorbance, was measured at pH 3.0 -4.0. No buffer was required to stabilize the color. An increase of the pH above 4.0 severely affected the stability and sensitivity of the dye. Color development did not take place below pH 3.0.
Effect of time and temperature
The development of color was rapid at higher temperature. Under the optimum condition, 40 -45˚C was most suitable, since the sensitivity and reproducibility were markedly affected below and above this temperature range. To achieve this temperature the contents were placed in a thermostat maintained at 45˚C for 3 -4 min before dilution to 25 ml. It was also found that 20 min time was necessary for complete color development at 25 -30˚C.
Analytical data
A linear calibration graph was obtained over the concentration range of 0. and 0.0016 µg cm -2 , respectively. The detection limit for antimony was 0.006 µg ml -1 . The lower limit of detection (LOD) is the concentration or quantity that produces a signal observed from a blank by an amount equal to three-times the standard deviation for the measurement on the blank. 24 The reproducibility of the method was assessed by carrying out seven replicate analyses of a standard solution of 2.0 µg of antimony in a final volume of 25 ml. The standard deviation and relative standard deviation of the absorbance value were found to be ±0.0047 and ±0.98%, respectively. The low relative standard deviation value and the range of error at the 95% confidence level was ±0.0043 for the analysis of seven replicate, indicating good precision and accuracy of the method.
Effect of foreign species
The validity of the method was checked by investigating the effect of various foreign species in a solution containing 2.0 µg per 25 ml of antimony(III). The method was found to be free from interference of major constituents present in serum and urine. Most of the common ions, such as, Fe 3+ , Al 3+ , Pb 2+ , Co 2+ , Cr 3+ , SO4 2- , PO4
3-, NO3 -and also tartaric acid, malic acid, glucose, sucrose and ascorbic acid, did not interfere under the proposed reaction condition. It was found that Hg 2+ and Mn 2+ had a positive catalytic effect on the color reaction. Arsenic(III) 24 and selenium(IV) 25 also give such a type of reaction, but do not interfere under the optimum pH range of 3.0 -4.0. The tolerance limits of various foreign species were established, and the results of these experiments are given in Table 1 .
Application

Determination of antimony in rock samples
A known amount (0.5 g) of finely ground USGS standard AGV-1 and BCC-1 rock samples with certified antimony content were taken and digested with hydrofluoric and sulfuric acid as described in the literature 20 and diluted to 25 ml. Then, a few drops of 30% KI were added to reduce antimony(V), present if any, to antimony(III). The presence of excess iodine, indicated by light brown color was destroyed by adding a few drops of 5% ascorbic acid. 3 A suitable aliquots of this sample solution were analyzed for antimony by the general procedure ( Table 2) .
Determination of antimony in tap water and waste-water
Drinking tap water taken from the laboratory was analyzed without any treatment. Waste-water samples were collected in pre-washed polyethylene bottles from a waste-water pool from a blast furnace, super steel rolling mill and textiles industry. The bottle was cleaned with a detergent, double-distilled deionized water, dilute nitric acid and double-distilled deionized water in sequence. The samples after being collected were immediately filtered through a Whatman filter paper No. 42 and spiked with a known amount of antimony(III) and stored in pre-cleaned polyethylene bottle. 23 Antimony(V), if any, was reduced to antimony(III) by the above-described reduction process. Then aliquots of samples were taken, and antimony content was determined by the proposed method (Table 3) .
Determination of antimony in solid waste
A weighed sample of coal ash (2.0 g) was taken in to a 250 ml beaker and treated with 10 ml of 10 M sulfuric acid and heated for 1 h on a hot plate. The digested sample was filtered and washed with 10 ml of 10% tartaric acid, which was prepared in 1 M sulfuric acid. 26 The filtrate was diluted to 100-ml. Antimony(V), if any, was reduced to antimony(III). The antimony content was determined by the procedure described above (Table 3) .
Determination of antimony in plant leaves
Samples were collected from an agriculture field and weighed; about 5.0 g was placed in a Kjeldahl flask and 10 ml each of nitric and sulfuric acid was added and heated to 80 -100˚C for 20 min. Then, the solution was allowed to cool; 10 ml of perchloric acid was added to this and heated for 5 min until dense fumes of sulfur dioxide appeared. The sample was cooled and 1 ml of HCl was added to reduce the inter-element interference. Then, antimony(V), if any, was reduced to antimony(III). The solution was heated for 20 min and then allowed to cool to room temperature. The clear solution along with washing of residue were transferred to a 25 ml volumetric flask and diluted to the mark with water. 24 An aliquot of this solution was analyzed for antimony content by the proposed method (Table 3) .
Determination of antimony in soil
A known amount (0.2 g) of an air-dried homogenized soil sample, spiked with a known amount of antimony(III), was taken and digested, as described in literature. 16 After being digestion process the sample was diluted up to 25 ml. Antimony(V), if any, in sample was reduced to antimony(III) by the above-described reduction process. An aliquot of the sample was analyzed according to the general procedure ( Table  3) .
Determination of antimony in serum and urine
Antimony occurs at very low levels in biological samples. Several people were tested for antimony, but were found to be negative. Therefore, to check the validity of the method, synthetic samples were prepared by adding a know amount of antimony to serum and urine. The samples were deprotenized with TCA (trichloroacetic acid), as reported. 27 The samples were filtered and aliquots were analyzed by the procedure described above as well as the HG-AAS method (Table 4) .
To ensure the accuracy and reliability of the developed method, two USGS standard rock samples with a certified antimony concentration were analyzed. The results showed that good agreement was obtained between the estimated content by the developed method and the certified value ( Table 2 ). The reliability of the procedure was checked by the method of standard addition to the sample solution. The results were obtained with a range of error at the 95% confidence level, and also the % recovery data show that the method works satisfactorily (Table 3) . Recovery, % a. Mean±95% confidence limit for three replicate analyses. b. 0.5 g, 10 ml, after treatment described in Procedure section. P, Proposed method. R 20 , Reference method. USGS, United State Geological Survey. Soil f a. Mean±95% confidence limit for three replicate analyses. b, c. 5 ml, after treatment described in Procedure section. d. 2.0 g, 10 ml, after treatment described in Procedure section. e. 5.0 g, 10 ml, after treatment described in Procedure section. f. 0.2 g, 10 ml, after treatment described in Procedure section. P, Proposed method. R 20 , Reference method. In all of the above cases (Tables 2, 3 and 4), parallel determinations were carried out making use of a reference method 20 and HG-AAS (for serum and urine). The results of the analyses of various samples, showed that there was no significant difference in the proposed and reference method, which shows the accuracy and precision of the proposed method.
Conclusions
The oxidation of leucocrystal violet to crystal violet for subsequent spectrophotometric measurement forms a simple and accurate method for the determination of antimony in environmental and biological samples. The sensitivity in terms of the molar absorptivity and precision in terms of the relative standard deviation of the developed method are very reliable, and were found to be superior to many other spectrophotometric methods reported for antimony (Table 5 ). 
